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,57) wellbore lining apparatus and method of lining 
I welll^e is provided. The wellbore fin ng appals 
compSes an expandable conduit 10 havmg afi st sec 
10L and a second section 10s. The first sechon 10L 
Z an en£ged diameter 18 with respect to the second 
sX 1 0s. The apparatus also inches an e*an*on 
^ arranged to be at least partially housed wrthm the 
tool arr ^"9 e exoansion tool is constructed and 

«W sector 10L. Tl» oxpan*" fo! - i«*£a 

Snged to expand at least a portion of a second sectron 
10s of the expandable conduit 10. 



Fig. 1a 
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Description 

[0001] The present invention relates to an apparatus 
for and a method of anchoring a first conduit to a second 
conduit, the apparatus and method particularly, but not 
exclusively, using an inflatable device to provide a tem- 
porary anchor. 

[0002] A borehole is conventionally drilled during the 
recovery of hydrocarbons from a well, the borehole typ- 
ically being fined with a casing. Casings are installed to 
prevent the formation around the borehole from collaps- 
ing. In addition, casings prevent unwanted fluids from 
the surrounding formation from flowing into the bore- 
hole, and similarty, prevents fluids from within the bore- 
hole escaping into the surrounding formation. 
[0003] Boreholes are conventionally drilled and cased 
In a cascaded manner; that is, casing of the borehole 
begins at the top of the well with a relatively large outer 
diameter casing. Subsequent casing of a smaller diam- 
eter is passed through the inner diameter of the casing 
above, and thus the outer diameter of the subsequent 
casing is limited by the inner diameter of the preceding 
casing. Thus, the casings are cascaded with the diam- 
eters of the casing lengths reducing as the depth of the 
well increases. This gradual reduction in diameter re- 
sults in a relatively small inside diameter casing near the 
bottom of the well that could limit the amount of hydro- 
carbons that can be recovered. In addition, the relatively 
large diameter borehole at the top of the well involves 
increased costs due to the large drill bits required, heavy 
equipment for handling the larger casing, and increased 
volumes of drill fluid that are required. 
[0004] Each casing is typically cemented into place 
by filling cement into an annulus created between the 
casing and the surrounding formation. A thin slurry ce- 
ment is pumped down into the casing followed by a rub- 
ber plug on top of the cement Thereafter, drilling fluid 
Is pumped down the casing above the cement that is 
pushed out of the bottom of the casing and into the an- 
nulus. Pumping of drilling fluid is stopped when the plug 
reaches the bottom of the casing and the wellbore must 
be left, typically for several hours, whilst the cement 
dries. This operation requires an increase in rig time due 
to the cement pumping and hardening process, that can 
substantially increase production costs. 
[0005] It is known to use a pliable casing that can be 
radially expanded so that an outer surface of the casing 
contacts the formation around the borehole. The pliable 
casing undergoes plastic deformation when expanded, 
typically by passing an expander device, such as a ce- 
ramic or steel cone or the like, through the casing. The 
expander device is propelled along the casing in a sim- 
ilar manner to a pipeline pig and may be pushed (using 
fluid pressure for example) or pulled (using drill pipe, 
rods, coiled tubing, a wireline or the like). 
[0006] Lengths of expandable casing are coupled to- 
gether (typically by threaded couplings) to produce a 
casing string. The casing string is inserted into the bore- 



hole in an unexpanded state and is subsequently ex- 
panded using the expander device, typically using a 
substantial force to facilitate the expansion process. 
However, the unexpanded casing string requires to be 
5 anchored either at or near an upper end or a lower end 
thereof during the expansion process to prevent undue 
movement. This is because when the casing string is in 
an unexpanded state, an outer surface of the casing 
string does not contact the surrounding borehole forma- 
te tion or an inner face of a pre-installed casing or finer 
(until at least a portion of the casing has been radially 
expanded), and thus there is no Inherent initial anchor- 
ing point. 

[0007] Slips are conventionally used to temporarily 
is anchor the unexpanded casing to the borehole during 
the expansion process. Slips are generally wedge- 
shaped, steel, hinged portion that provide a temporary 
anchor when used. Slips are actuated whereby the 
wedge-shaped portions engage with the surrounding 
20 borehole formation or a casing or liner. 

[0008] However, the mechanical configuration of slips 
often causes damage to the casing or liner. In some cas- 
es, the damage causes the slip to fail due to a loss of 
mechanical grip. Slip-type devices in open-hole engag- 
es ing formation are often prone to slippage also. 

[0009] According to a first aspect of the presentinven- 
tion, there is provided an apparatus for anchoring a first 
conduit to a second conduit, the apparatus comprising 
an inflatable device for engaging with the first conduit, 
wherein the inflatable device is inflatable to facilitate an- 
choring of the first conduit to the second conduit. 
[0010] According to a second aspect of the present 
invention, there is provided a method of anchoring a first 
conduit to a second conduit, the method comprising the 
steps of providing a first conduit, providing an inflatable 
device in contact with the first conduit, running the first 
conduit and inflatable device into the second conduit, 
and subsequently inflating the inflatable device to facil- 
itate anchoring of the first conduit to the second conduit 
[0011] According to a third aspect of the present in- 
vention, there is provided a method of anchoring an ex- 
pandable conduit to a second conduit, the method com- 
prising the steps of providing an expandable conduit, 
running the first conduit into the second conduit, passing 
45 an inflatable device into the conduit, and subsequently 
inflating the inflatable device to facilitate anchoring of 
the expandable conduit to the second conduit. 
[0012] The first conduit is typically an expandable 
conduit. 

50 [001 3] The first or expandable conduit may comprise 
any type of expandable conduit that is capable of sus- 
taining plastic and/or elastic deformation. The first con- 
duit typically comprises an expandable liner, casing or 
the like. The second conduit may comprise any type of 
55 conduit The second conduit typically comprises a liner, 
casing, borehole or the like. 

[0014] The inflatable device typically comprises an in- 
flatable balloon-type portion coupled to a ring. This al- 
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,ows a string or the like to be passed through the 

SLnder device The expander device is optionally Mte- 

S expander device is moved a certain dl stance, the 
InSe device is deflated and subsequent* moves 

Steasably attached to the inflatable dev.ce.typ.caHy us 

tag a latch mechanism. .^j^wntha 
0017] The inflatabledevice may be located I wrthm the 
Sable conduit Alternatively, the Inflatable dev.ce 
mTy be coupled at or near an upper end of the expand- 
Scondun^ratornearatowerendoftheexpa^ 
conduft. The inflatable device may be coupled to the ex- 
pandable conduit using any suitable connection 
[00181 The inflatable device is typically inflated to ex- 
pand he expandable conduit whereby the expandable 
S contacts the second conduit, thereby r prov.djr,g 
an anchor. In this embodiment, the ^expandable _condu. 
is optionally provided with a slotted port.on to faaWate 
expansion This is advantageous as the contact be- 
ZZ the" expandable conduit and «- ~«- 
provides the anchor, and forces appl.ed to the expand 
Lie conduit are mainly channelled into the ^ec»nd con- 
duit via the expandable conduit and not the inflatable 

S' Alternatively, the inflatable device is inflated 
whereby a portion thereof directly contacts the second 
conduit to provide an anchor. 

100201 The expander device istypically manufactured 
rom steel. Alternatively, the expander dev.ce may be 
manufactured from ceramic, or a combing -of stoe. 
and ceramic. The expander dev.ce .s optionally flexMe_ 
100211 The expander device is optionally proved 
with at least one seal. The sea. typically composes at 
least one O-rlng. 

m0221 The method optionally composes one, some 
or all of the additional steps of inserting an expander 
device into the expandable condurt. operat.ng he ex- 
pander device to expand the expandable conduit, de- 
flating the inflatable device, and removing the expander 
device and/or the inflatable device from the expandable 
conduit and/or the second conduit. 
[00231 The method optionally comprises one, some 
or all of the additional steps of attaching an expander 
device to the Inflatable device, operating the expander 
device to expand the expandable conduft. re-attach.ng 
the expander device to the inflatable device, deflating 
the inflatabledevice,andremovingtheex P ander device 

and/or the inflatable devicef rom the expandable conduft 
and/or second conduft. 

[0024] The expander device is typ.cally operated by 
propelling it through the expandable conduft using fluid 
pressure. Alternatively, the expander device may be op- 
erated by pigging it along the expandable conduft us.ng 
a conventional pig or tractor. The expander dev.ce may 



also be operated by propelling it using a we.ght (from 
me string for example), or may by pulling it through he 
expandable conduft (e.g. using drill pipe, rods, coded 

tubing, a wireline or the like), 
s [0025^ Opttonaily, the inflatable dev,ce may act as a 

Leal whereby fluid pressure can be applied below the 

rowel Embodiments of the present inyentton shall 
now be described, by way of example only, wrth refer- 
to ence to the accompanying drawings, in wh.ch- 
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Ras 1a to 1d are successive stages in anchoring 
and expanding an expandable conduit ^In a sec- 
ond conduit using afirst embodiment an Inflatable 

nq-Taa to 2d are successive stages in anchoring 
and expanding an expandable conduft wrthm a 
borehole to tie back the spendable conduft to a 
casing using a second embodiment of an Inflatable 
device* 

Ras 3a to 3d are successive stages in anchoring 
and expanding an expandable conduit within a sec- 
ond conduft using a third embodiment of an .nflata- 

Ra < 4a fe a front elevation showing a first configu- 
ration of a friction and/or sealing material that can 
be applied to an outer surface of the conduits shown 

Rg^biL anend elevation of thefriction and/or seal- 
ing material of Fig. 4a; 

Rg 4c is an enlarged view of a porhon of the ma- 
terial of F.gs4a and 4b showing a profiled outer sur- 

f 3CG" 

Rq 5 is a schematic cross-section of an expanda- 
ble conduft that can be used wrth the P'esentinven- 
tion having an alternative configuration of a friction 
and/or sealing material; 

Rg. 6a is an front elevation of the friction and/or 
sealing material of Rg. 5; and 
Rg.6b is an end elevation of the friction and/orseal- 

ing material of Rg. 6a. 

[00271 Referring to Fig. 1 . there is shown in sequence 
(Ras 1a to 1d) successive stages of anchoring an ex- 

45 pandable conduft 10 to a casing 12 provided in .a bore- 
nole (not shown), the borehole typically being drilled to 
facilitate the recovery of hydrocarbons. The expandable 
conduft 1 0 is typically an expandable liner or casing, but 
anv type of expandable conduit may be used. , 

so [0028] The borehole is conventionally lined wrth cas- 
ing 1 2 to preventthe formation around the borehole from 

collapsing and also to prevent unwanted fluids frorn the 
surrounding formation from flowing into the borehole, 
and similarly, prevents fluids from within the borehole 
55 escaping into the surrounding formation. It should be 
noted that the casing 1 2 may comprise any type of con- 
duit, such as a pipeline, a liner, a casing, a borehole or 
the like. 
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[0029] An inflatable device 14, that in this embodi- 
ment has an expander device 1 6 telescopicalfy attached 
thereto, is positioned within the expandable conduit 10 
before the conduit 10 is inserted into the casing 12. 
[0030] Referring to Fig. 1 a, the conduit 1 0 with the in- 
flatable device 14 and expander device 16 located 
therein is run into the hole to the required setting depth. 
As can be seen in Fig. 1a, a lower end 101 of the ex- 
pandable conduit 10 is radially expanded (indicated 
generally at 18) to allow the Inflatable device 14 and the 
expander device 16 to be located therein. It will be ap- 
preciated that although Figs 1 a to 1 d show the inflatable 
device 1 4 and expander device 1 6 located at or near the 
lower end 1 01 of the conduit 1 0, the Inflatable device 14 
and/or the expander device 16 may also be located at 
or near an upper end of the conduit 10. In this case, the 
expander device 16 Js propelled downwardly using, for 
example, the weight of a string, fluid pressure or any 
other conventional method. 

[0031] The inflatable device 1 4 may be of any suitable 
configuration, but is typically a device that has an inflat- 
able annular balloon-type portion 14b that is mounted 
on an annular ring 14r. The annular ring 14r allows a 
string, wireline or the like to be passed through the in- 
flatable device 14 as required. 
[0032] This is particularly advantageous where the in- 
flatable device 14 is positioned at the upper end of the 
conduit 10. Thus, substantially full-bore access is still 
possible. 

[0033] Referring to Fig. 1 b, the inflatable device 1 4 is 
inflated to expand the inflatable annular balloon-type 
portion 14b. As the balloon-type portion 14b expands, 
an anchor portion 10a of the conduit 10 is also expand- 
ed. The anchor portion 1 0a is expanded by the inflatable 
device 14 until it contacts the casing 12, as shown in 
Rg. 1 b. This contact between the anchor portion 1 0a of 
the expandable conduit 10 and casing 12 provides an 
anchor point and/or a seal between the expandable con- 
duit 10 and the casing 12. The outer surface of the an- 
chor portion 10a may be suitably profiled (e.g. ribbed) 
or coated with at riction and/or sealing material 1 00 (Figs 
4a to 4c) to enhance the grip of the conduit 10 on the 
casing 12. The friction and/or sealing material 100 may 
comprise, for example, any suitable type of rubber or 
other resilient materials. It should be noted that the fric- 
tion and/or sealing material 100 can be provided on an 
outer surface 10s of the conduit 10 at various axially 
spaced-apart locations. 

[0034] Referring to Figs 4a to 4c, the friction and/or 
sealing material 100 typically comprises first and sec- 
ond bands 102, 104 that are axially spaced apart along 
a longitudinal axis of the conduit 1 2. The first and second 
bands 1 02, 1 04 are typically axially spaced by some dis- 
tance, for example 3 inches (approximately 76mm). 
[0035] The first and second bands 102, 104 are pref- 
erably annular bands that extend circumferentialiy 
around the anchor point 10a of the conduit 10, although 
this configuration is not essential The first and second 
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bands 102, 104 typically comprise 1 inch wide (approx- 
imately 25.4mm) bands of a first type of rubber. The fric- 
tion and/or sealing material 100 need not extend around 
the full circumference of the conduit 10. 
[0036] Located between the first and second bands 
1 02, 1 04 is a third band 1 06 of a second type of rubber. 
The third band 106 preferably extends between the first 
and second bands 102, 104 and Is thus typically 3 inch- 
es (approximately 76mm) wide. 
[0037] The first and second bands 1 02, 1 04 are typi- 
cally of a first depth. The third band 106 is typically of a 
second depth. The first depth is optionally larger than 
the second depth, although they are typically the same, 
as shown in Fig. 4a The first and second bands 102, 
1 04 may protrude further from the surface 10s than the 
third band 106, although this is not essential. 
[0038] The first type of rubber (i.e. first and second 
bands 102, 104) is preferably of a harder consistency 
than the second type of rubber (i.e. third band 106). The 
first type of rubber is typically 90 durometer rubber, 
whereas the second type of rubber is typically 60 du- 
rometer rubber. Durometer is a conventional hardness 
scale for rubber. 

[0039] The particular properties of the rubber may be 
of any suitable type and the hardnessess quoted are ex- 
emplary only. It should also be noted that the relative 
dimensions and spacings of the first, second and third 
bands 102, 104, 106 are exemplary only and may be of 
any suitable dimensions and spacing. 
[0040] As can be seen from Fig. 4c in particular, an 
outer face 106s of the third band 106 can be profiled. 
The outer face 1 06s is ribbed to enhance the grip of the 
third band 106 on an inner face 12i of the casing 12. it 
will be appreciated that an outer surface on the first and 
second bands 102, 104 may also be profiled (e.g. 
ribbed). 

[0041] Thetwo outer bands 102, 104beingof aharder 
rubber provide a relatively high temperature seal and a 
back-up seal to the relatively softer rubber of the third 
band 106. The third band 106 typically provides a lower 
temperature seal. 

[0042] Referring to Fig. 5, there is shown an alterna- 
tive conduit 1 20 that can be used in place of conduit 1 0. 
Conduit 1 20 is substantially the same as conduit 10, but 
is provided with a different configuration of friction and/ 
or sealing material 122 on an outer surface 120s. 
[0043] The expandable conduit 120 is provided with 
a pre-expanded portion 120e in which an expander de- 
vice (e.g. expander device 16) and/or an inflatable de- 
vice (e.g. device 14) may be located whilst the conduit 
1 20 is run into a borehole or the like. It should be noted 
that the expander device need not be located in the con- 
duit 120 whilst it is being run into the borehole, and can 
be located in the conduit 120 once it is in place. 
[0044] As shown in Fig. 5, the expandable conduit 1 00 
is provided with the friction and/or sealing material 1 22 
at at least one location. The fiction and/or sealing ma- 
terial 1 22 is applied to the outer surface 1 20s of the con- 
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. lH 120 at ax i a |ly spaced apart locations, typically 
J£o£ from one another by around 12 inches (approx- 

22? ThTfttion and/or sealing materia. 1 22 is best 
l T ] 6a and 6b The friction and/or sealing ma- 

StSn i*r-*Q -teria. ^"ET^. 
ate (preferably annular) band of rubber that Is for ex 
2 oTSdurometershardness and is about 2.5. nch- 
rS^SSU 28mm) wide by around 0.12 .nones 

52 the strength of the grip and/on sea. th * ■£ 
mrton 150 provides in use, a number of slots 124a, 

S£ (« J»T» «■* «*> * e band of mbber - I he 

Its 1 24a T24b are typically in the order of 0.2 .nches 
^p^Um^eWa^ndZlnchestapprox- 

K^Sezlgzagpattern^es.tsia^ 
Eat around 20 circumferential* spaced-apart b» 
ttonVwlth around 18' between each along one edge 
m oZ band. The process Is then 
no another 20 slots 124b on the other s,de 122b of the 
band the slots 124b on side 122b being c.rcumferen- 
Sly otet by 9- from the stots 124a on the other side 

loMS] in use, the friction and/or sealing material 122 
s applied to the outer surface 1 20s of the (unexpended) 

flauSion number and spacing of the friction andtor 
sealCmateria.122 can be chosen to suitthe pabular 

ST?-** «- that ,orces - ppfcd t s 2 

conduit 10 120 e.g. by subsequent movement of the 
cent * IS 1 20 that is oy pushing or pulling on the eon- 
SlO 120 for example, will be mainly transferred to 
^ casing 1 2 via the anchor point and not through the 
IS e device 14. This Is advantageous as n reduces 
tterisk of damage to the inflatable device 14. Addrtion- 
X tWs aE relces the risk of damage to the casing 
1 2 iha may have occurred where a conventional rip • 
used, ^conventional slips may 
casing 12 where damage ensues or the casing 12 B 
^Transferring substantially all of the forces directly 
temecasing12vra the anchor point obviates these d.s- 

S ta9 The expander device 16 can then be pu.ted 
Sh the expa'ndabte conduit 10, 120 to radia y ex- 
pand the conduit 10. 120 as shown in fig.lc. The ex 
pander device 16 can be propelled through the conduit 
10 120 in any conventional manner. In Fig. 1. the ex- 
Dander device 16 is pulled through the conduit 10. 120 
Sgastring20thatisattachedtotheexpanderdev.ee 

16 in any conventional manner. 
[00511 In the embodiment shown in F.g. 1. the ex 
pander device 16 is telescopical.y coupled to the inflat- 
able device 14 using a telescopic coupling^ 
dicated at 22. Coupling 22 comprises one or more tele- 



scoptoally coupled members24that are attached to the 

Awards the telescopic coupling 22 extends a certa.n 
ay 10feet (approximately 3 metres), at wh.ch 

s potuhetoleW^ 

mis point, the inflatable balloon-type portion 14b is au 
!£ deflated and further upward movement of 
SeexTanoerdev.e 16 causes the in.latab«edev«e 14 
also to move upward, as shown in Fig Id 
to [0052] It should be noted that the * 
I no Lger required to anchor the ,«U J»£ 
»ne casing 12 as the expanded condu^F^slcand 
Idl secure the (expanded and unexpanded) condurt 10 

,s 00 122lsusedtoenhan<«megrtoofmeoondutt10 
in an annulus created between the condurt 10. 120 and 

Expander device 16 is 
2 o upvSos towards the surface until *» 

dull 10 120 is fully expanded to contact the casing 12. 
ThereafteT, the instable device 14 and the expander 
aev^iemayberemovedhomtheexpandablecondurt 

10 120 and/orthe casing 12 atthe surface 
25 0054] Anchoringande-xpandingtheexpandablecon- 
rtntMO 120 in this way has several advantages. Wrth 

£S^^**"*r*2S!& 

a control line or coiled tubing to control operation of the 
H2£* device 14 and any other apparatus tocated In 

may be used to propel or pull the expander devfce 16. 
S the embodiment shown in Fig. 1 , there .s no pres^ 
sure exposure to the surrounding formahon and no rig 
te eqtired. With the inflatable device 1 4 configured as 
35 an annular ring 14r. substantially full bore access .s still 

SSTtt should be noted that the method described 
with reference to Fkj. 1 is intended to expand^ toeex- 
P andabieconduit10. 120 in a single pass of the expand 
40 er device 16 through the expandable e^*^ 20 ' 
but multiple passes and/or expansions are possible. 

Us2ato2d)success.vestagesofhang.nganexpand- 
X condurt 30 off a casing 32 (ie tying back a hner), 
45 toe expandable condurt 30 typically compns.ng an ex- 
pandable liner and being used to line or case a lower 
portionofaborehole 34,the borehole 34 typically being 
Ked to faci.rtate the recovery ^ydrocarbons The 
toW er portion of the borehole 34 has not been lined/ 
50 cased, wherein the upper portion of the borehole 34 has 
been lined with an existing casing or liner 36^ 
r0057] In the embodiment shown in Fig. 2, the ex- 
pandable conduit 30 is provided wrth a frict.on and/or 
sealing material 38 on an outer surface thereof. The 
55 function of the friction and/or sealing matenal, 3 Is to 
provide a (friction and/or sealing) coupl.ng between the 
expandable conduit 30 and the existing liner or casmg 
36 The friction and/or sealing material 38 may also pro- 
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vide a seal between the lower (unlined) and upper 
(lined) portions of the borehole 34. The friction and/or 
sealing material may comprise, for example, any suita- 
ble type of rubber or other resilient materials. For exam- 
ple, the friction and/or sealing material 38 can be con- 
figured in a similar way to the friction and/or sealing ma- 
terial 100, 122 described above with reference to Figs 
4 to 6. 

[0058] Additionally, the conduit 30 may be provided 
with friction and/or sealing material (e.g. material 100, 
122) at a lower end 301 of the conduit 30 to enhance 
the anchoring effect at this portion of the conduit. Addi- 
tionally, the friction and/or sealing material can be pro- 
vided at various spaced-apart locations along the length 
of the conduit 30 to enhance the coupling between the 
conduit 30 and the borehole 34 or casing 36. 
[0059] Referring to Rg. 2, an inflatable device 40, that 
has an expander device 42 reieasably attached thereto, 
is positioned within the expandable conduit 30 before 
the conduit 30 is inserted into the borehole 34. The con- 
duit 30 is provided with an expandable portion of casing 
or liner 44, portion 44 being provided with a plurality of 
longitudinal slots 48. The portion 44 may be located at 
a lower end 301 of the conduit 30 or may be integral 
therewith. 

Referring to Rg. 2a, the conduit 30 with the inflatable 
device 40 and expander device 42 reieasably attached 
at or near a tower end thereof, is run into the borehole 
34 to the required setting depth. As can be seen in Rg. 
2a, a lower end 301 of the conduit 30 is radially expand- 
ed (indicated generally at 50) to allow the expander de- 
vice 42 to be located therein, ft will be appreciated that 
although Rgs 2a to 2d show the inflatable device 40 and 
expander device 42 located at or near the tower end 30 1 
of the conduit 30, the inflatable device 40 and/or the ex- 
pander device 42 may also be located at or near an up- 
per end of the conduit 30. in this case, the expander 
device 42 is propelled downwardly using, for example, 
the weight of a string, fluid pressure or any other con- 
ventional method. 

[0060] The inflatable device 40 may be of any suitable 
configuration, but is typically a device that has an inflat- 
able annular balloon-type portion 40b that is mounted 
on an annular ring 40r. The annular ring 40r allows a 
string, wireline or the like to be passed through the in- 
flatable device 40 as required. This is particularly ad- 
vantageous where the inflatable device 40 Is positioned 
at the upper end of the conduit 30. 
[0061] Referring to Fig. 2b, the inflatable device 40 is 
inflated to expand the inflatable annular balloon-type 
portion 40b, As the balloon-type portion 40b expands, 
the expandable portion 44 of conduit 30 also expands. 
As can be seen in Rg. 2b, the longitudinal slots 48 widen 
as the portion 44 expands. Portion 44 acts as an anchor 
for the casing 30 and is expanded until it contacts the 
borehole 34, as shown in Fig. 2b. This contact between 
portion 44 and the borehole 34 provides an anchor point 
and/or a seal between the expandable conduit 30 (to 



which portion 44 is. attached or integral therewith) and 
the borehole 34. 

[0062] As with the previous embodiment, the expand- 
er device 42 is then pulled through the expandable con- 
5 duit 30 to radially expand the conduit 30, as shown in 
Fig. 2c. The expander device 42 can be propelled 
through the conduit 30 in any conventional manner. In 
Rg. 2, the expander device 42 is pulled through the con- 
duit 30 using a drill pipe or string 52 that is attached to 
io the expander device 42 in any conventional manner. 
[0063] As the expander device 42 is pulled upwards, 
the upward movement thereof is stopped after a prede- 
termined time or distance, at which point the expander 
device 42 Is lowered until a coupling between the ex- 
15 pander device 42 and the inflatable device 40 latches. 
As with the previous embodiments, the inflatable annu- 
lar balloon-type portion 40b is automatically deflated 
and further upward movement of the expander device 
42 causes the inflatable device 40 also to move upward, 
20 as shown in Rg. 2d. It should be noted that the upward 
movement of the expander device 42 should only be 
stopped once a sufficient length of conduit 30 has been 
expanded to provide a sufficient anchor. 
[0064] ft should also be noted that the portion 44 is no 
25 longer required to anchor the conduit 30 to the borehole 
34 as the expanded conduit 30 (Rgs 2c and 2d) secures 
the conduit 30 to the borehole 34. The friction and/or 
sealing material (where used) can help to provide a re- 
liable anchor for the conduit 30 whilst it is being expand- 
30 ed and also when in use. 

[0065] The expander device 42 is continually pulled 
upwards until the conduit 30 is fully expanded, as shown 
in Rg. 2d. Thereafter, the inflatable device 40 and the 
expander device 42 may be removed from the expand- 
35 able conduit 30 and the borehole at the surface. As 
shown In Rg. 2d, the conduit 30 expands whereby the 
friction and/or sealing material 38 contacts the casing 
36. This provides a tie back to the casing 36 and option- 
ally a seal between the upper (fined) portion of the well- 
40 bore and the lower (lined) borehole 34, depending upon 
the composition of the material 38. 
[0066] With the embodiment shown in Rg. 2, there is 
no pressure exposure to the formation, full bore access 
Is still possible, the conduit 30 may be expanded in a 
45 single pass (multiple passes possible) and it may be 
used to anchor and set in an open hole. Additionally, it 
provides a tie back to the casing 36 in a single pass of 
the expander device 42. It should be noted that the 
method described with reference to Fig. 2 is intended to 
so tie back the casing in a single pass, but multiple passes 
and/or expansions are possible. 
[0067] It should also be noted that successive lengths 
of expandable conduit may be coupled to casings or lin- 
ers thereabove using the same method. Thus, the meth- 
55 od(s) described herein may be used to line or case a 
borehole without the use of cement. 
[0068] Referring to Fig. 3, there is shown in sequence 
(Figs 3a to 3d) successive stages of anchoring an ex- 
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SSSfaX 86 are 

Stable device 84 attached thereto and the expander 
2£?«£w« therein Is run into the hole to the re- 
device 86 J 0 * 5 ^" ... te appreciated that although 
^3K££SS device 84 re,easab.y 
r^ted to the tower end 801 of the conduit 80, the ki- 

Suration, butistypfcally 

able annular balloon-type port.cn 84b tha ^"JJJJJ 

expander device 86 are positioned at the upper end of 

Sated to expand the inflatable annular balloon-type 
Sin Mb. Z the balloon-type portion 84b expands * 
SSrtThe casing 82, thus providing an anchor be- 
SSe ~n?uU 9 80 and the casing 82. This contact 
Seen ttTballoon-type portion 84b and the casing 82 
p^esananchorpointand/orasealbetweenthecon- 

duit 80 and the casing 82. 

100731 It should be noted thatin tins embodiment, the 
E appL to the conduit 80 by subsequent move 
m^7ofSe conduit 80, that is by pushing or pulling on 

viathe inflatabledevice 84. H = unlkecon^ 

ventlonal slips, the inflated ba «^^ v °^ize 
loss likelv to damage the casing. Additionally, the size 
Se tetoon-type portion 84b can be chosen whereby 
jr^SIJui so as not to lose its grip on the 
casing 82 e V e^ when the inflatable device 84 . moved 

eTandable conduit 80tc radially expand the conduit 80, 
as shown in Fig. 3c. The expander device 86 can be 
ptoX through the conduit 80 in any conventional 
manner, as with the previous embodiments. 
r0075] Also, and as with the previous embodiments 
an ISer surface 80s of the conduit 80 can be provided 
wtth a friction and/or sealing material. The f notion and/ 



or sealing material may comprise, for example any sutt- 
abtettpe of rubber or other resilient matenals- For ex 

Zr% Additionally, the conduit 80 may be provided 
Slth friction and/or sealing material (e.g. material 100 
SET ^wer end 801 of the conduit 80 to enhance 

^e conTlt 80to enhance the coupling between the 
Z uoward movement thereof is stopped after a prede 

84b . automatically deflated and fur- 

3==S=2S5 

so expanded to contact the casing 82. Thereafter, the in 
Sfdevice 84 and the expander device 86 may be 
removed from the borehole at the surface. 
00791 Anchoring and expanding the conduit 80 in this 
way has *Tsame 9 advantages as in the previous ^em- 
35 S,m?nt, butthe Bg. 3 embodiment is deseed to an- 
chor and set in cased hole rather ^^J^ 
[00801 The method and apparatus described herein 
maTbe used for a plurality of different downhole func- 
tTons relating to the use o7expandab.e conduit. For ex- 

L reauires to be repaired due to damage or the like by 
damaged portion with a p^ej- 
pandalle conduit. They may also be used to tie back to 
the liner or casing, as described herein 
45 [0081] Thus,therelsprovWedincerta.nembodm,ens 
an apparatus and method of anchonng an expandable 
conTlt toTsecond conduit. The apparatus and method 
S Hkk embodiments provide numerous advantages 
mechanical anchoring , dev^ such 
so as slips, particularly by reducing the potential damage 
to conduits that mechanical slips may ^Certain 
embodiments of apparatus and me^ods involve the use 
of an inflatable device that can either be a) attached d. 
a or near the top or bottom of the expandable con- 
55 5K b) Placed within the top or bottom of the expand- 
abte conduit, in a), anchoring forces are generated as 
a result of friction between the inflatable device and the 
sindconduMheforces being passed into the condu,t 
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via the inflatable device. In b), anchoring forces are gen- 
erated by friction between an outer surface of the ex- 
pandable conduit and the second conduit, the forces be- 
ing substantially passed into the second conduit directly 
via the expandable conduit. The outer surface of the ex- 
pandable conduit may be suitably prepared (ie provided 
with a friction enhancing material) to increase the 
strength of the anchor. 

[0082] Modifications and Improvements may be made 
to the foregoing without departing from the scope of the 
present invention. 



Claims 



1 . Wellbore lining apparatus, comprising an expanda- 
ble conduit (10) having a first section (10L) and a 
second section (10s), the first section (10L) having 
an enlarged diameter (18) with respect to the sec- 
ond section (10s), and an expansion tool arranged 
to be at least partially housed within the first section 
(10L), and constructed and arranged to expand at 
least a portion of the diameter of the first section 
(10L). 

2. Wellbore lining apparatus as claimed in claim 1, 
wherein the expansion tool includes afirst expander 
device (1 4) and a second expander device (1 6), the 
f irst expander device (1 4) being arranged to expand 
at least a portion of the first section (10L) of the ex- 
pandable conduit (10), and the second expander 
device (1 6) being arranged to expand at least a por- 
tion of the second section (10s) of the expandable 
conduit (10). 

3. Wellbore lining apparatus as claimed in claim 2, 
wherein the first and second expander devices (1 4, 
16) are at least partially housed within the first sec- 
tion (10L) prior to expansion thereof. 

4. Wellbore lining apparatus as claimed in claim 2 or 
claim 3, wherein the first expander device (14) is 
radially expandable. 

5. Wellbore lining apparatus as claimed in any of 
claims 2 to 4, wherein the first expander device (1 4) 
is an inflatable device (14). 

6. Wellbore lining apparatus as claimed in claim 5, in- 
corporating sealing means (1 00) between the inflat- 
able device (14) and the expandable conduit (10). 

7. Wellbore lining apparatus as claimed in any of 
claims 2 to 6, wherein the second expander device 
(16) has a outer diameter that is larger than the in- 
ner diameter of the second section (10s). 



claims 2 to 7, wherein the second expander device 
(1 6) expands at least a part of the expandable con- 
duit (10) by application of an axial force to the sec- 
ond expander device (16). 

5 

9. Wellbore lining apparatus as claimed in any of 
claims 2 to 8, wherein the second expander device 
(16) is an expansion cone. 

io 10. Wellbore lining apparatus as claimed in any preced- 
ing claim, wherein the expander tool has an initial 
largest outer diameter thereof completely disposed 
in the first section (1 0L), and is constructed and ar- 
ranged to expand the outer diameter of the first sec- 
ts tion (1 OL) adjacent the initial largest diameter of the 
expander tool. 



11. Wellbore lining apparatus as claimed in claim 10, 
wherein the expander tool Is further constructed 

20 and arranged to expand the first section (1 0L) along 
its entire length. 

12. Wellbore lining apparatus as claimed in any preced- 
ing claim, wherein the first section (44) is slotted 

25 (48). 

13. A method of lining a wellbore, comprising the steps 
of:- 



30 



35 



40 



providing an expandable conduit (10) having a 
first section (10L) and a second section (10s), 
the first section (1 0L) having an enlarged diam- 
eter (18) with respect to the second section 
(10s); 

locating at least a portion of an expansion tool 
in the first section (1 0L) of the expandable con- 
duit (10), 

locating the expandable conduit (10) within a 
wellbore; and 

expanding at least part of the first section (1 0L) 
of the expandable conduit (10). 



14. A method according to claim 13, comprising the 
step of applying a radial force to the expandable 

45 conduit (10) by inflating the expansion tool. 

15. A method according to either of claims 1 3 or 1 4, in- 
cluding the step of compressing a seal means (1 00) 
between the expansion tool and the expandable 

50 conduit (10) to create a fluid-tight seal therebe- 
tween. 



1 6. A method according to any of claims 1 3 to 1 5, com- 
prising the step of radially expanding at least part 
of the first section (10L) by radially expanding at 
least a portion of the expansion tool. 



55 



8. Wellbore lining apparatus as claimed in any of 17. A method as claimed in any one of claims claim 13 
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r p alU at least a pott'™ - « aacond 
"S! IS M e apanttoWo conduit (1 0) W a sacond 
expander device (16). 

18 A method according to claim 17, comprising the 
lo of applying an axial force to the second ex- 
S£ device (16) to expand me second sechon 
(10s) of the expandable conduit (10). 

19 A method according to claim 18, comprising the 
^ of injecting pressurised fluid between the fast 
Jxpande device (14) andthe second expander de- 
vce (16). such thatthe pressurised fluid propetethe 
second expander device (16) in an ax.al d.rect»n 
SeTeby effecting expansion of the second section 

(1 OS) of the expandable conduit (10). ^ 

20 . A method according to claim 18 or 

weight is applied to the second expander dev.ce 
(16) to apply the axial force thereto. 

21 A method according to claim 18 or 19, wherein a 
' pulg force is applied to move the second expand- 
er device (16) in an axial direction through the ex- 
pandable conduit (10). 

22 A method according to any one of claims 17 to 21 , 
wherein at ieastone of thefirst and second expand- 
er devices (14. 16) is located within the first sect>on 
(10?) while running the condutt (10) into the bore- 
hole. 35 

23 A method according to. any one of claims 17 to 22. 

^ wherein the expander devices (14. 16) are ^cated 
within the f irst section (10L) while runn.ng the con- 
duit (10) into the borehole. 4i 
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24 A method according to any one of claims 13 to 23. 
whetein expanding atleastaportionofthefjrst sec- 
ton 0 0L) anchors the conduit (10) within the well- 
bore. 45 

25. A method according to any one of daims 13 to ^24 
whereinexpandingatleastaportjonof^ 
ton (10L) places an outside poroon of the condurt 
(1 0) into contact with the wellbore. 

26 A method according to any one of claims 13 to 24, 
2 whereinexpandingatleastaportionof thefirstsec- 
tion (10L) places an outside portion of the conduit 
(10) into contact with a surrounding tubular dis- 
posed in the wellbore. 



50 



55 



EP 1 555 386 A1 




EP 1 555 386 A1 




EP 1 555 386 A1 




EP 1 555 386 A1 




EP 1 555 386 A1 




EP 1 555 386 A1 




EP 1 555 386 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 05 00 4441 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation ot document with indication, where appropriate, 
of relevant passages . 

|pp 0 881 354 A (S0F1TECH N.V; C0MPAGN1E 
OES SERVICES DOWELL SCHLUMBERGER) 
1 2 Decenfcer 1998 (1998-12-92) 

* column 2, lines 15-38 * 

* column 3, lines 31-39 

* column 5, lines 8-15 

* column 5, lines 52-58 * 

|W0 99/23354 A (METCALFE PAUL 0AV1D 
•PETR0L1NE WELLSYSTEMS LTD (6B)) 
14 May 1999 (1999-95-14) 

* page 7, line 12 - page 8, line 19 

US 5 348 995 A (W9RRALL ET AL) 
20 September 1994 (1994-99-28) 

* column 3, lines 5-43 * 

US 3 283 451 A (VINCENT REN1C P) 
31 August 1965 (1965-98-31) 

* column 3, line 56 - column 4, line 15 

|p A GB 2 344 696 A (SHELL INT RESEARCH) 
1 ' 14 June 2999 (2998-96-14) 

* figures 18d-19e * 



Relevant 
toolaim 



1,13 



1.13 



1-26 



1-26 



1-26 



CLASSIFICATION OF THE 
APPUCATTOH (lntC1.7) 

E21B43/18 
E21B23/01 



TECHNICAL FIELDS 
SEARCHED (lnta.7) 



E21B 



The present search report has been drawn up for all claims 



S 
I 

3 1 

§1 



Place of search 

The Hague 

CATEGORY OF CITED DOCUMEfvTS 

X : particularly relevant if 

Y : particularly relevant rf comb mo d with another 

document of (he same category 
A : technological background 
O : non-written diaelcaure 
p : intermediate document 



Date d conviction of the search 

19 April 2005 



Examiner 

Garrido Garcia, M 



T • theory or principle underlying the Invention 
E : earlier patent document, but pubfehed on, or 

after the (ling date 
D : document cited in the application 
L : document cited for other reason* 



& ": member oNhTsame patent family, correspondmg 
document 



EP 1 555 386 A1 



akimfY TO THE EUROPEAN SEARCH REPORT 
SS'SSSS PATENT APPUCATION NO. 



EP 05 00 4441 



, , .e.^ng.othe^docu.en.scitedin h. above -mentioned Eu,opean search report. 
This annex lists the patent ^'^^^ an Patent Office EDPHe on aK/en torthe purpose ol information. 

"Z'^^^^^^^^ 9 19-04-2005 



Patent document 
dted in search report 



Publication 
date 



Patent tamily 
members) 



Publication 



EP 0881354 



02-12-1998 



US 

CA 

0E 

DE 

DK 

EP 

NO 

US 



6085838 A 
2234386 Al 
69820153 Dl 
69820153 T2 
881354 T3 
0881354 A2 
982371 A 
RE38578 El 



11-07-2000 
27-11-1998 
15-01-2004 
30-09-2004 

13- 04-2004 
02-12-1998 
30-11-1998 

14- 09-2004 



W0 9923354 



14-05-1999 



AU 740328 B2 

A U 9753598 A 

CA 2308180 Al 

DE 69806494 Dl 

DE 69806494 T2 

EP 1027526 Al 

W0 9923354 Al 

NO . 20001956 A 

US 2002189818 Al 

US 6454013 Bl 



01-11-2001 

24-05-1999 

14-05-1999 

14-08-2002 

20-02-2003 

16-08-2000 

14-05-1999 

19-06-2000 

19-12-2002 

24-09-2002 



US 5348095 



20-09-1994 AU 
AU 
CA 
DE 
DE 
DK 
W0 
EP 
JP 
OP 
NO 
NZ 
OA 
RU 
SG 



670948 B2 
4324493 A 
2137560 Al 
69306110 Dl 
69306110 T2 
643794 T3 
9325799 Al 
0643794 Al 
7507610 T 
3441072 B2 
944721 A 
253124 A 
10117 A 
2103482 CI 
46560 Al 



08-08-1996 

04- 01-1994 
23-12-1993 
02-01-1997 

05- 06-1997 
05-05-1997 

23- 12-1993 
22-03-1995 

24- 08-1995 

25- 08-2003 
07-12-1994 
27-02-1996 
18-12-1996 
27-01-1998 
20-02-1998 



US"3203451 A 31-08-1965 US 



3179168 A 
3203483 A 



20-04-1965 
31-08-1965 



GB 2344606 



14-06-2000 



AU 767364 B2 

AU 5933599 A 

AU 2004200246 Al 

BR 9906143 A 

CA 2292171 Al 

DE 19958399 Al 

GB 2380213 A ,B 



06- 11-2003 
08-06-2008 
19-02-2004 
05-09-2000 

07- 06-2000 
13-07-2000 
02-04-2003 



§ Foe more 



details about this annex : see OHKialJourna. o. the European Patent Otf.ce, No. 12/82 



EP 1 555 386 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 4441 
ON EUROPEAN PATENT APPLICATION NO. 



. Moments died in the above-mentioned European search report 



Patent document 
cited In search report 

GB 2344606 



Publication 
date 



Patent family 
members) 

GB 2389214 A f B 
GB 2380215 A ,B 
NO 995991 A 

US 2002189816 Al 
US 6263966 Bl 
US 2G03098154 Al 
US 2003894278 Al 
US 2003094279 Al 
US 2003056949 Al 
US 2003121558 Al 
US 2003173090 Al 
US 2004045616 Al 
US 6497289 Bl 
US 2004118574 Al 
US 6823937 Bl 
US 6575240 Bl 
US 6640903 Bl 
US 6604763 Bl 
US 6557640 Bl 
US 2004262014 Al 
US 2004188099 Al 
US 2004182569 Al 
US 2081047870 Al 
US 2001047866 Al 
US 2001045289 Al 
US 2005011641 Al 
US 20O5045324 Al 
US 2005028988 Al 
US 2005045341 Al 
US 2005039928 Al 
US 2002060068 Al 
US 2002050360 Al 
US 20O2O60078 Al 
US 2002040787 Al 
US 2002060069 Al 



Publication 
date 

"02^04^2003 
02-04-2003 
08-06-2000 
19-12-2002 
24-07-2001 
29-05-2003 
22-O5-20O3 
22-05-2003 
27-03-2003 
03-07-2063 
18-09-2003 

11- 03-2004 
24-12-2002 
24-06-2004 
30-11-2004 
10-06-2003 
84-11-2003 

12- 08-2003 
06-05-2003 
30-12-2004 
30-09-2004 
23-09-2004 
06-12-2001 
86-12-2001 
29-11-2001 
20-01-2005 
03-03-2005 

10- 02-2005 
03-03-2005 
24-02-2005 
23-05-2002 
02-05-2002 
23-05-2002 

11- 04-2002 
23-05-2002 



1 For cnore details about this annex : see Official Journal of the European Patent Office, No. 12*2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 



Li LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




SKEWED/SLANTED IMAGES 



□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 




□ GRAY SCALE DOCUMENTS 



